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(57) Abstract 

An energy conversion system comprises at least one stepwise 
adjustable hot-gas engine, and a method for continuous control of 
this system comprises that an energy storing device with an accu- 
mulator and a generator/engine unit continuously adjustable in 
time, stores the surplus energy obtained when the output from the 
hot-gas engine exceeds the output required from the energy conver- 
sion; system, that the energy storing device supplies power when the 
output from the hot-gas engine falls below this output requirement, 
and that the storage or output of the energy storing device is con- 
trolled in such a manner that the output from the energy conversion 
system also becomes continuously adjustable in time. 
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METHOD AND DEVICE FOR CONTROLLING AN ENERGY 
CONVERSION SYSTEM 

The present: invention relates to a method that makes 
5 it possible to use hot-gas engines of Stirling or Ericsson 
type in such fields of application where today the predo- 
minant engine is an Otto or diesel engine, more specifi- 
cally a method for continuously controlling the output 
from an energy conversion system comprising a hot-gas en- 
10 gine with step control. The invention also concerns an 

energy conversion system comprising such a hot-gas engine* 

It is desirable to use hot-gas engines since these 
have a substantially higher efficiency than, for example, 
Otto engines, which is due to a comparatively more com- 
15 plete combustion of the fuel supplied to the engine, re- 
sulting in much smaller amounts of exhaust fumes injurious 
to the environment- Furthermore, just about any fuel can 
be used for hot-gas engines, which is environmentally ad- 
vantageous in that renewable forms of energy can be used 
20 for the heating thereof. 

For this type of engines, the output power is, by 
definition, derived from the formula P = M • o, wherein 
P = power; M = torque; o = angular velocity (o = number 
of revolutions • tt/30 ) . Thus, there are two variables to 
25 change, i.e. the torque and the angular velocity/number 
of revolutions, if one wishes to vary the engine output. 
Since, at least for combustion engines, the optimum en- 
gine speed in most applications is fixed at the engine 
speed at which the rather low engine speed dependence on 
30 the torque is at its highest, it is desirable to render 
possible a shift in the engine speed dependence on the 
torque to achieve an alteration of the output. Naturally, 
this does not exclude varying the engine speed of, for 
instance, applications in vehicles. 
35 Already existing systems for controlling the output 

from hot-gas engines comprise fuel/air control systems and 
torque control systems. By changing the amount of combust- 
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ible fuel/air mixture, . the first system produces a corre- 
sponding change of the temperature of the well-known 
heater wall in the engine, a change of the engine speed 
and, consequently , a change of the engine output. The se- 
, 5 cond control system axius at changing the engxne torque at 
a certain engine speed, by changing the working pressure 
of the working gas contained in the engine. This may be 
accomplished by many different , more or less complicated 
methods. 

10 When slowly varying torques are needed , simple and 

safe systems are available which fully meet the control 
requirements, e.g. for marine engines. For rapidly varying 
torques, various systems have been tested. The so-called 
mean gas pressure system, in which the amount of working 

15 gas in the cycle and, consequently, the mean gas pressure, 
are adjusted in accordance with the varying torques re- 
quired, responds with sufficient rapidity, but is also 
complicated and therefore expensive to manufacture. Fur- 
thermore, it entails undesired losses of energy in that 

20 part of the control phase where the torque is rapidly re- 
duced. Therefore, such an expensive output control system 
has greatly reduced the competitiveness of hot-gas en- 
gines, e.g. for use in vehicles So-called step control is 
another output control system capable of meeting the de- 

25 mand for rapid torque change and is also based on an al- 
teration of the mean gas pressure- Thus, the torque that 
can be delivered from the engine at each engine speed can 
• be increased or reduced, if it is possible to change the 
volume of the working gas in one or more steps. This con- 

30 stitutes a comparatively inexpensive method for con- 
trolling the output, but since the control is carried out 
in several steps, whereas the control in, for example, ap- 
plications for vehicles should be carried out continuous- 
ly, hot-gas engines controlled in such manner cannot be 
35 used - 
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Another unsolved problem is that hot-gas engines re- 
quire , in order not to be extremely worn, one or two mi- 
nutes of warm-up before they are subjected to any load. 
Thus, there is also the problem of availability, since a 
- 5 user of this type of engine, e.g. in a car, demands prompt 
availability, as is also the case with petrol or diesel 
engines, and this means that hot-gas engines cannot be 
used . 

The main object of the invention is, therefore, to 
10 provide a control method of the type mentioned by way of 
introduction, which allows continuous variation of the 
output from the energy conversion system. 

Another object of -the invention is to provide an 
energy conversion system with an availability at least as 
15 satisfactory as that of a diesel or Otto engine. 

These objects are achieved by a method according to 
the invention, characterised in 

- that an energy storing device with an accumulator 
and a generator/engine unit continuously adjustable in 

20 time, stores the surplus energy obtained when the output 
from the hot-gas engine exceeds the output required from 
the energy conversion system, 

- that the energy storing device delivers power when 
the output from the hot-gas engine falls below said output 

25 requirement, and 

- that the storage or output of the energy storing 
device is controlled in such a manner that "the output from 
the energy conversion system also becomes continuously ad- 
justable in time. 

30. Furthermore, these objects are achieved by an energy 

, conversion system according to the.,, invention, character- 
ised by 

- an energy storing device with an accumulator and a 
generator/engine unit 'continuously adjustable in time, 

35 adapted to store the surplus energy obtained when the out- 
put from the hot-gas engine exceeds the output required 
from the energy conversion system and adapted to supply 
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energy when the output from the hot-gas engine falls below 
said output requirement, and 

- a control system controlling the storage or output 
of the energy storing device in such a manner that the 
5 output from the energy conversion system also becomes con- 
tinuously adjustable in time. 

One advantage of the invention is that the storage of 
energy in the conversion system makes it possible to run 
the system for a limited time without any discharge of ex- 
10 haust fumes, e.g. when driving a bus using said system in 
a garage. 

Another advantage of the invention is that maximum 
power of the energy conversion system is obtained by add- 
ing maximum power to the hot-gas engine and maximum avail- 

15 able power from the energy conversion system. Thus, the 

maximum power of the hot-gas engine/engines can be limited 
in relation to that of a conventional drive unit, such as 
a diesel engine. 

A further advantage of the invention is that it 

20 creates opportunities for constructing small city vehicles 
which, in a city centre, can be powered electrically or by 
means of a compression fluid and, outside the city centre, 
can be powered by a hot-gas engine, at the same time as 
the energy conversion system accumulates that part of the 

25 engine drive shaft output not needed for powering the ve- 
hicle. 

Further advantages of the invention will be apparent 
from the following detailed description of preferred embo- 
diments, reference being had to the accompanying drawings, 
30 in which: 

Fig. 1 schematically illustrates an embodiment used 
in a city bus; 

Fig. 2 schematically illustrates an embodiment used 
in a light city vehicle; " • 
35 Fig. 3 schematically illustrates an embodiment used 

in a delivery van; 
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Fig. 4 shows the output: from the energy conversion 
system as a function of the time for an imagined driving 
cycle; 

Fig. 5 is a view analogous to Fig. 4, showing the 
*. 5 output from said system as a function of the time for an 
imagined driving cycle using a different control method; 

Fig. 6 shows an embodiment of the invention in a 
minor auxiliary power unit; and 

Fig. 7 shows another embodiment of the invention used 
10 in a minor auxiliary power station. 

Fig. ,1 illustrates a first example of utilising the 
method according to the invention in hot-gas engines in 
energy conversion systems, with heavy or medium-weight ve- 
hicles, such as buses or vans for city or suburban traf- 
15 fic. - The drive unit comprises two stepwise adjustable hot- 
gas engine units 1 and 2, each having a burner 3 and a 
fuel/air control system 4 comprising, inter alia; fuel 
lines 5, fuel valves 6, air supplying means 7, and combus- 
tion air fans 8. In this embodiment, the engine units 1 
20 and 2 shown in Fig. 1 are power controlled in three pre- 
determined shaft torque steps, namely: 

- Full shaft torque, for which the maximum power 
available at each engine speed is supplied by the engine 
units. The engine speed is determined by the power require- 

25 merit and can be influenced by the amount of 'added fuel and 
air, respectively, and by the external and internal loading 
via gear boxes (FL = distribution gear box, VL = conven- 
tional gear box). - : 

- Half shaft torque, for which about half the maximum 
30 shaft torque available at each engine speed is supplied. 

Also in this case, the engine speed is determined by the 
power requirement and can be influenced as above. 

- No-load shaft torque, for which only the shaft 
' torque corresponding to the power requirement for the 

35 auxiliary apparatuses of the driving system of the ve- 
hicle is generated, with an addition for a small energy 
charging requirement. This step constitutes a stand-by 
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position for the engine units before an expected, imminent 
shaft output requirement. 

In addition to the possibility of power control with 
different shaft torque steps in each engine unit, there is 
a possibility of cutting in one engine unit, two engine 
units, or none at all. The engine units are cut in by 
means of shaft couplings KI and KII . With the above-men- 
tioned distribution gear box FL, there is connected either 
a gear box VL for propelling the vehicle, or a fluid unit, 
preferably a hydraulic unit HM/P which, in pumping posi- 
tion, converts mechanical shaft power into accumulated hy- 
draulic power. The accumulated power either stems from one 
of or both engine units, or from the drive shaft of the 
vehicle, in which case it consists of braking energy. The 
hydraulic unit HM/P also has an engine position. The shaft 
torque from said unit HM/P may either drive the vehicle 
without any additional shaft torque, in which case there 
are no exhaust fumes, or with an addition of shaft torque 
from one of or both engine units 1 and 2. 

On the distribution gear box FL, the above conven- 
tional gear box VL is mounted, which in conventional 
fashion transforms the engine speed and the shaft torque 
in a manner determined by the operating conditions of the 
vehicle. Said gear box is provided with a coupling Kill 
foF engaging and disengaging the drive .shaft 9 and, conse- 
quently, the driving wheels of the: vehicle. 

The. hydraulic power is stored in a pressure accumu- 
lator comprising a high pressure part 10 and a low pres- 
sure part 11, each having a pressure tank for nitrogen gas 
or some other suitable gas. The difference in hydraulic 
pressure between the high pressure part 10 and the low 
pressure part 11 is a measure of the accumulated power 
supply available. 

This driving system with its stepwise adjustable hot- 
gas engine units 1 and 2 provides a rapidly adjustable 
shaft torque for propelling the vehicle, since power is 
always available in accumulated form and. since the energy 
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supply is always maintained charged by the hot-gas engine 
units 1 and 2. Therefore, the driving system is adaptable 
to different driving cycles and is controlled by a prepro- 
grammed electronic control system (not shown in Fig. 1), 
, 5 while the driver drives his vehicle in conventional manner 
by using the accelerator pedal, the brake pedal and, op- 
tionally, the clutch pedal and the gear lever. 

From the viewpoint of energy economy, it is essential 
that as much as possible of the required propelling power 
10 is supplied to the driving wheels directly from the engine 
units, in order to avoid conversion losses, and that as 
much as possible of the braking energy of the vehicle is 
stored in the accumulators. This is achieved by means of 
the electronic control system. 
15 Fig. 2 is a view analogous to Fig. 1, showing an 

energy conversion system which, in this embodiment, com- 
prises electric eniergy storage and is adapted for pro- 
pelling a light city vehicle. Due to a lower power re- 
quirement, the driving unit comprises but one engine unit 
20 1 which, as above, is adjusted in few steps, e.g. three as 
in the preceding example. Via a coupling KI, the engine 
powers a combined electric motor/electric generator unit 
12 which, via a gear box VL, drives,, or, by braking, is 
driven by a drive shaft 9 connected with said gear box 
25 which, in its turn, drives a differential gear 13 and . ; 
driving wheels 14 in conventional manner. 

The electric unit 12 is controlled so as to provide 
different, shaft torques for propelling the vehicle in dif- 
ferent driving cycles, and to store braking energy in 
30 electric batteries upon braking of the vehicle. Further- 
more, the electric unit is also used for storing the out- 
put power from the hot-gas engine in the electric batte- 
ries, in the .form of electrical energy, i.e. for charging 
said batteries* or, inversely, for converting the elec- 
35 trical energy in the batteries into shaft output power for 
propelling the vehicle (see Figs. 4 and 5). Also in this 
case, it is the above-mentioned electronic control system 
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which controls the energy consumption, while the driver 
drives the vehicle in conventional manner by means of the 
accelerator pedal , the brake pedal and, optionally, the 
clutch pedal and the gear lever. It is essential that as 
much as possible of the driving power is transmitted di- 
rectly from the hot-gas engine to the driving wheels of 
the vehicle, while the output from the electric batteries 
is used for modulating the output from the hot-gas engine, 
so that there will be no exhaust fumes when this; is desir- 
able or necessary, and for generating maximum shaft 
torque, e.g. during heavy acceleration, for temporary 
maximum speed, for hill climbing, and for combinations of 
these operating conditions. 

The above Examples illustrate the application of the 
invention to driving systems with direct, mechanical driv- 
ing contact between the engine unit/units and the driving 
wheels of the vehicle r the purpose of such a direct con- 
tact being to achive an energy economy as efficient as 
possible. In some applications, however, there may be rea- 
sons for dispensing with direct mechanical engagement be- 
tween the driving unit, the hot-gas engine, and the driv- 
ing wheels of the vehicle, e.g. reasons of costs, con- 
struction or flexibility. Fig. 3 shows such an example in 
the form of a driving system for delivery vans. 

- In Fig. 3, 1 designates a hot-gas engine whicfx, as 
before, is stepwise adjustable and which is' connected with 
a hydraulic pump 15 with variable piston dtfbke. With the 
aid of the pump; the hot-gas engine 1 charges a hydraulic 
accumulator comprising a low pressure part 11 and a high 
pressure part 10. The driving of the wheels 14 of the ve- 
hicle is achieved by means of a combined Engine aiid pump 
unit HM/P of hydraulic type, via a gear box VL which, for 
instance, may be a continuously variable transmission 
CCVT) . The braking energy of the vehicle is not wasted in 
-that the hydraulic unit HM/P serves as a pump and stores 
useful braking energy in the hydraulic accumulator, in the 
form of hydraulic power. An electronic, preprogrammed 
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control system E automatically supervises and controls the 
system. The driver of the vehicle drives in normal manner 
by using the accelerator pedal, the brake pedal, and the 
gear lever. 

. 5 Figs. 4 and 5 illustrate how the stepwise adjusted 

shaft power from the energy conversion system is modu- 
lated, during hypothetical driving cycles, as a function 
of the time, by means of an additional supply of energy 
from or absorption of energy by an energy accumulator, 
10 which means that the shaft torque of the hot-gas engine is 
adjusted stepwise, but the result according to the inven- 
tion is a completely continuous output, due to the coope- 
ration with an energy accumulator . 

Fig. 4 illustrates how this is achieved while the 
15 energy accumulator, in this example an electric accumula- 
tor, albeit the same applies to hydraulic accumulators or 
other types of energy accumulation, is successfully charg- 
ed with surplus power supplied to the accumulator via an 
electric unit serving as generator. The driving cycle 
20 shown illustrates how the vehicle, during period A (the 

hot-gas engine being shut off so that there will be no ex- 
haust, fumes) and in the operating position 1, is driven 
entirely by the electric motor on energy from the electric 
accumulator. In the following period C, the engine has 
25 beeo started and supplies a power which all the time ex- 
ceeds or equals the power necessary for operating the ve- 
hicle. The surplus power is stored as electrical energy in 
the electric accumulator. During the next period D, full 
output is taken from the hot-gas engine, and the surplus 
30 power is stored in the accumulator. Only if the driving 
cycle of the vehicle requires more power than the maximum 
available from the hot-gas engine (during period DV), the 
electric unit, operating as engine, adds extra shaft 
power. During period B, finally, the, hot-gas engine is 
35 idling and only supplies power for driving auxiliary appa- 
ratuses and, optionally, for trickle : charging of the accu- 
. mulator. 
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Fig. 5 illustrates how the shaft torque of the energy 
conversion system is modulated and how the shaft power re- 
sulting from the invention is entirely continuous due to 
the cooperation with an energy accumulator, in this case 
, 5 electric batteries. In the first part B of the driving 
cycle, it is shown how the hot-gas engine works when 
idling. When a comparatively small amount of power is re- 
quired for starting the vehicle, energy is supplied from 
the electric batteries and the electric unit is the only 

10 driving engine. When there is a higher power -requirement, 
the shaft power supplied from the hot-gas engine is step- 
wise increased (the power positions C-D-C), at the same 
time as the power is modulated by using additional power 
from. the electric driving engine. This driving method is 

15. used when the electric batteries are comparatively fully 
charged. 

At the end of the, driving cycle, the hot-gas engine 
may be completely shut off, and the remaining part of the 
cycle can be completed by an addition of power from the 
electric driving engine. This corresponds to the shaft 
power position A of the hot-gas engine, in which the hot- 
gas engine is completely shut off and there are no exhaust 
fumes. This type of vehicle operation is particularly 
suitable for driving in a restricted space; e.g. a garage, 
25 or in congested traffic. The operating positions of the 
vehicle and the shaft power positions of the hot-gas en- 
gine are as follows: 
Operation position 1 : 
The hot-gas engine is shut off. 

30 Exhaust-free operation by means of a hydraulic or electric 
engine . 

Operation position 2 : 
The hot-gas engine is working. 
: Operation with permanent shortage of shaft torque. 
35. Operation position 3 ; 

The hot-gas engine is working (idling, 50%, 100%). 
Surplus or, at maximum output, shortage of shaft torque. 



20 
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The shaft: power positions of -the hot-gas engine : 
Period A: The hot-gas engine is shut off* 
Period B: The hot-gas engine is idling. 
Period C: The hot-gas engine supplies about 50% shaft 
- 5 torque 

Period D: The hot-gas engine supplies full shaft torque. 

Naturally , the driving cycles illustrated in Figs. 4 
and 5 may, depending on the charge of the accumulators, be 
combined with the above-mentioned control system E. As is 
10 apparent from these Figures, the object of the invention 
relating to the availability in time of the system is 
achieved . 

Fig. 6 illustrates the use of the invention for power 
generation in an auxiliary power station. The embodiment 
15 comprises stepwise adjustable hot-gas engine units 1 and 
2, burners 3, and couplings KI and KII. There is also a 
distribution gear box FL connecting either one- of or both 
engine units. In a combined electric motor and electric 
generator M/G, the power stepwise supplied from the hot- 
20 gas engine units is modulated in the same way as in the 
previously described application for vehicle operation, 
i.e. according to a specific driving technique all surplus 
energy is supplied to an electric accumulator A and, ac- 
cording to another driving technique, the electric accumu- 
25 later supplies additional power to modulate the power 

stepwise supplied from the hot-gas engines. An electric 
generator G is powered via a coupling Kill. The high re- 
sponsiveness of the energy conversion system, as well as 
the safe and rapid starting thereof, make such a system 
30 ideal for use as an auxiliary power station, e.g. in hos- 
pitals. 

Fig. 7 shows a variant with hydraulic accumulation, 
of the above power station and auxiliary power station. 
Also in.* /this case, the responsiveness is Tiigh, and start - 
35 ing is safe and rapid. 
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It: goes without saying that the hot-gas engine sys- 
tems stepwise and unitwise adjustable in this manner may 
be used in similar fashion in combination with the storage 
of energy in other contexts where the properties described 
5 are of importance. 
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CLAIMS 

1. A method for controlling the output from an energy 
# 5 conversion system comprising at least one hot-gas engine 

which is stepwise adjustable in time, character- 
ised in 

- that an energy storing device with an accumulator 
and a genera tor/engine unit continuously adjustable in 

10 time, stores the surplus energy obtained when the output 
from the hot-gas engine exceeds the output required from 
the energy conversion system, 

- that the energy storing device supplies power when 
the output from the hot-gas engine falls below said out- 

15 put requirement, and 

- that the storage or output of the energy storing 
device is controlled in such a manner that the .output from 
the energy conversion system also becomes continuously ad- 
justable in time, 

20 2 - An energy conversion system with at least one hot- 

gas engine which is stepwise adjustable in time, cha- 
racterised by 

- an energy storing device with an accumulator and a 
generator/engine unit continuously adjustable in time, 

25 adapted to store the surplus energy obtained when the out- 
put from the hot-gas engine exceeds the output required 
from the energy conversion system and adapted to supply 

said output requirement, and 

30 - a control system controlling the storage or output 

of the energy storing device in such a manner that the 
output from the energy conversion system also becomes con- 
tinuously adjustable in time. 

3. Energy conversion system as claimed in claim 2, 

35 characterised by a distribution gear box con- 
trolled by the control system and having an input shaft 
for every hot-gas engine, a shaft for the accumulator, 
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said shaft receiving power from or supplying power to the 
accumulators, and an output shaft from the system. 

4. Energy conversion system as claimed in claim 3, 
characterised in that the accumulator is hy- 
, 5 draulic or electric. 
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